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1. Introduction 

Monosodium Glutamate (MSG) isoneof the world's most extensively used food additives. Itisthesodiumof 
the non-essential ami no acid glutamate Glutamate is one of the most important abundant ami no acidsfound 
in nature and exists both as free glutamate and bound with other amino acids into protein. Glutamate is the 
major excitatory neurotransmitter in the human and mammalian brain (Blaylock, 1999). As a consequence 
glutamate neurotransmitters is essential for cognition, memory movement, and sensation especially taste, 
sight and hearing (South, 1994). Though glutamate is an important neurotransmitter, excess glutamate is 
pumped back into the glial cells surrounding the neuron. This causes the nerve cel Is to be exposed to Fire 
constantly until they die(George 2004). Asflavor enhancer, MSG produces aflavorthat cannot beprovided by 
other foods ad d i ti ves. The name " monosod i u m gl utamate" refers to a 99% pu re combi nati on of gl utamti c aci d 
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A bstract 

N ew bou I d i a I aevi s i s a val uabl e tropi cal pi ant bel ongi ng to thefami Iy of B i gon i aceae. 
The plant is believed by most herbal practitioners to be the tree of fertility and of 
immense medicinal benefits to humans. This study examined ameliorative 
potencies of N ewbouldia laevis on monosodium glutamate induced toxicity in 
female albino rats for 14 days. Group A received 800 mg/ kg body weight of 
Monosodium Glutamate (MSG), while Group B received 8,000 mg of MSG +400 
mg of extract. Group C received 8,000 mg of M SG and 600 mg of N . laevis. Group 
D received feed and water. Group E received 200 mg of extract and Group F 
received 8,000 mg of M SG. Results showed no significant difference (p >0.05) in 
A spartate A mi notransferase (A ST), AI kal i ne Phosphatase (ALP) and T otal Protei n 
(TP) of rats exposed to MSG + extracts and MSG-alone. Significant (p <0.05) 
elevation in Alanine Transferase (ALT) and serum albumin were recorded for 
rats exposed to MSG +400 mg and 200 mg of extract. There was no significant 
difference in cholesterol level in rats exposed to MSG alone compared to other 
groups. Significant elevation in urea level occurred in rats exposed to 8,000 mg 
MSG + 600 mg of the extract, reduction occurred in those exposed to 8,000 mg 
MSG +400 mg of the extract. Those exposed to normal saline and 200 mg of 
extract leveled up with rats exposed to MSG. Study indicates protection of liver 
architecture and ameliorating effect of N . laevis on MSG intoxication. 
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and sodium (George; 2004). Studies providing the evidence of M SG toxic effects have raised the increasing 
interest in MSG intakeas flavor enhancer. N ewbouldia laevis isalsocalled boundary tree which is usually grown 
as an ornamental treeand propagated by cuttings. Itisawell-known plant on theAfrica continent and ishighly 
valuabledueto its numerous immense benefits to humans. It is popularly known as the treeof fertility or treeof 
I ife (A gbafor et al., 2015; and Dandjessoet al., 2012; ). Ithasdifferentsymbolsand meaningsto different countries, 
for example, somevillagesin Ivory Coast and Gabon pi ant the tree near thetombs to act as a protectivetalisman. 
The I bi bi o and Ef i k peopl e of N i geri a regard the tree as symbol of thei r dei ti es thus they tend to place i t i n sacred 
places (Bafor and Sanni, 2009). It isgenerally believed that medicinal plants and their products are safer than 
thei r synthetic med id nes dependi ng on dosage ( Bou11ata and N ace; 2000). This study is ai med at evaluati ng the 
ameliorativeeffectof N. laevis on MSG induced toxicity infemalealbi no rats. 

2. Experimental design 

Thirty (30) female albino rats weighing 110-160 g were used for the analysis. The animals were randomly 
divided into sixgroups of animals. Group A ratswereexposedto8,000mg/ kg body weight of MSG and 200 
mg/ kg body weight of methanol leaf-extract for 14days. Group B rats wereconcomitantly exposed to 8,000 
mg/ kg body weight of MSG and 400 mg/ kg body weight of the methanol leaf-extract of N. laevis for 14 days. 
GroupC rats wereconcomitantly exposed to 8,000 mg/ kgbodyweightofMSGand600mg/ kgbodyweight 
of methanol leaf extract of N. laevis for 14days. Group D rats were exposed to neither MSG northesample 
extract (normal control group). GroupE rats were concomitantly exposed to 200 mg/ kg body weight of the 
sample (extract control) for 14days. Group F was exposed to 8,000 mg/ kg MSG for 14days.Theanimalswere 
kept in wire mesh cages and in standard laboratory conditions, with alternating light and dark cycles of 12 h 
each and at ambi ent temperatu res, fol I ow i ng seven days of acd i mad zati on before commencement of experi ment. 

3. Determination of activities of liver enzymes 

Aspartate Aminotransferase (AST), Alanine Transferase (ALT) activity were determined by the method 
of Reitman and Frankel (1957) while Alkaline Phosphatase (ALP) activity was assayed using the method 
of (King and Miller, 1957) while assay of blood urea nitrogen (BUN), serum creati nine were done by the 
method of Bauer et al., (1982), Assay of cholesterol and total protein was done using King and Wootton, 
method (1959). 

4. Results 

FigurelshowsthatthegroupsA and Bwith mean values 1.60±3.45and 1.80±9.34(IU/ L)aresignificantly 
(p <0.05) lower when compared with the group exposed to extract alone, 201.00 ±3.40 (I U/ L)and significantly 
(p <0.05) higher when compared with theMSG-intoxicated group with mean value 142.30 ±2.67 (IU/ L). 
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Figure 1: Effect of methanol extract of N. laevis on AST activity (IU/L) of the rats 
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A non-significant (p >0.05) increase was also seal when compared with the normal control. Also, group C 
with mean value 194.65 ±3.01(111/ L) was significantly (p <0.05) higher than the normal control and MSG- 
intoxicated groups while it showsa non-significant (p >0.05) difference, compared with the positive control 
group. 

Figure2 shows that, thegroups A and Bwith values 92.16 ±1.00(111/ L) and 99.89 ±2.62(111/ L), respectively 
are significantly (p <0.05) lower than the MSG group (116.26 ±4.181U/ L) and non-significantly (p >0.05) 
higher than the normal and MSG-intoxicated groups. Group A (99.89 ±2.621U/ L) showed a significant (p < 
0.05) increase compared to eKtractcontrol group and a significant (pO.05) decrease, compared with theM SG- 
intoxicated group. 



MSG + MSG + MSG + Feed + Water 200mg/kg MSG 
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Figure 2: Effect of methanol extract of N. laevis on ALT activity (IU/L) of the rats 


Figure 3 shows that, the groups A, B and C with mean values 18.15 ±0.72 (IU/ L), 17.71 ±0.87 (I U/ L) and 
17.39 ±0.57 (I U/ L), respectively aresignificantly (p <0.05) lower than the normal and extract control groupswith 
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Figure 3: Effect of methanol extract of N. laevis on ALP activity (IU/L) of the rats 
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values 21.53 ±0.82 (III/ L) and 22.22 ± 1.36 (IU/ L), respectively while they are non-significantly 
(p >0.05) lower than theMSG-intoxicated control group having a mean value of 18.57 ±1.34(111/ L). 

Figure3showsthat, thegroups B and C with values 7.87 ±0.38(mg/ dl) and 7.79 ±0.63(mg/ dl), respectively 
are non-significantly (p >0.05) higher than the normal, extract and M SG-intoxicated groups with values 7.52 
±0.72 (mg/ d I), 6.84 ±0.44 (mg/ d I) and 7.31 ±0.55 (mg/ d I), respectively w hi Ie grou p A (6.18 ±0.36 mg/ d I) i s 
non-significantly (p >0.05) lower when compared with groups D, E and F. 
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Figure 4: Effect of methanol extract of N. laevis on total protein concentration (mg/dl) of female albino rat 


From the Figure5, thegroups A and C with mean values of 4.02 ±0.31 (mg/ dl) and 3.38±0.32(mg/ dl), 
respectively aresignificantly (p <0.05) lower when compared with the normal and group E exposed to extract 
alone, and non-significantly (p >0.05) higher when compared with theM SG-intoxicated group (3.43 ±0.14 
mg/ dl); whilegroup B (5.69±0.49 mg/ dl) is significantly (p <0.05) higher compared with M SG-intoxicated 
group and also, significantly (p <0.05) lower when compared with the extract control groups. 
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Figure 5: Effect of methanol extract of N. laevis on albumin concentration (mg/dl) of the rats 
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From the Figure 6, the group C of mean value, 4.38 ±0.19 (mg/ dl) was non-significantly (p > 0.05) 
higher than groups D, E controls and MSG-intoxicated group with mean values4.16 ±0.31 (mg/ dl), 3.74 ±0.23 
(mg/ dl)and 4.16 ±0.25 (mg/ dl), respectively whilegroups A and B with mean values as 3.86 ±0.13 (mg/ dl) 
and 3.70±0.25(mg/ dl), respectively were non-significantly (p >0.05) lower when compared withgroupsD, E 
and F. 
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Figure 6: Effect of methanol extract of N. laevis on cholesterol (mg/dl) level of the rats 


Figure7showsthat, thegroup B with mean value 27.26 ±2.73 (mg/ dl) was significantly (p <0.05) lower 
than the normal control group (33.84±1.26 mg/ dl)and non-significantly (p >0.05) lower than groups E and 
F with values 32.53 ±2.40 (mg/ dl)and 31.85 ±1.80 (mg/ dl), respectively while groups A and C with values 
28.76 ±1.58 (mg/ dl) and 37.27 ±1.93 (mg/ dl), respectively were non-significantly (p >0.05) different when 
compared with groups D, E and F. 
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Figure 7: Effect of methanol extract of N. laevis on Urea concentration (mg/dl) of female albino rats 
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From the Figure8,thegroups A, Band C with mean values 1.00±0.03(mg/ dl), 1.06 ±0.05 (mg/ dl)and 1.11 
±0.06 (mg/ dl), respectively showed a non-significant (p >0.05) difference when compared withthenormal, 
extract control and MSG-intoxicated group with values0.99±0.07(mg/ dl), 1.04 ±0.02 (mg/ dl)and 112 ±0.04 
(mg/ dl), respectively. 
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Figure 8: Effect of methanol extract of N. laevis on creatinine concentration (mg/dl) of the rats 


ThephotomicrographsofthesectionoftheliverofgroupA rats ad ministered with 200 mg/ kgofN. laevis 
+8,000 mg/ kg of MSG showed well preserved liver architecture. Presenceof mild portal inflammation without 
necrosis, mild lobular hepatitisand normal central vein (MgX400). 
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Photomicrographs of thesecti on of the liver of group B rats ad ministered with 400 mg/ kg leaf extract of N. 

I ae/i s +8,000 mg/ kg M SG showed wel I preserved I i ver architecture, mi Id portal i nflammation without i nterface 
hepatitis, mild lobular hepatitis without necrosis and steatosisand dilated central vein. (MgX400) 



Plate 2: Effect of methanol extract of N. laevis on the liver of group B rats 


Photomicrographsofthesectionoftheliverof group C rats ad ministered with 600 mg/ kg leaf extract of N. 
laevis +8,000 mg/ kg M SG showed well preserved liver architecture, radially arranged hepatocytes, normal 
sizenudei, intervening sinusoids,and normal central vein(MgX400). 



Plate 3: Effect of methanol extract of N. laevis on the liver of group C rats exposed to 600 mg/kg + 8,000 mg/kg 
of MSG 
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Photomicrographs of the I iver section of normal control rats that received water and feed only (group 4) 
showed well preserved liver architecture with no histopathological leison, and normal central vein. (Mg. 
X400). 



Plate 4: Effect of methanol extract of N. laevis on the liver of group D rats treated with water and feed only 


Photomicrographs of the I iver section of group E rats that received leaf extract of N. I a©/is 200 mg/ kgonly 
showed well preserved hepatocytearchitecture, no portal inflammation, no lobular hepatitisor interstitial 
fibrosis, and mi Id steatosis (M g X400). 



Plate 5: Effect of methanol extract of N. laevis on the liver of group E rats exposed to 200 mg/kgbw of extract 
of N. laevis only 
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Photomicrographs of the section of theliver of group F rats administered with 8,000 mg/ kg M SG showed 
loss of normal hepatocytes architecture, nuclei of varying sizes and shapes, loss of sinusoidal spaces, presence 
of mild inflammatory cel I sand dilated central vein(MgX400). 



Plate 6: Effect of 8,000 mg/kg M SG on the liver of group F rats 


Photomicrographs of the kidney section of group A rats administered with N. laevis 200 mg/ kg + MSG 
8,000 mg/ kgshowed evenly distributed glomeruli, open glomerular capillaries, normal endothelial epithelium 
with renal architecture, presence of thin distal and proximal tubules, presence of inflammatory cell (Mg. 
X400). 



Plate 7: Effect of methanol extract of N. laevis on the kidney of group A rats administered methanol leaf 


extract of N. laevis 200 mg/kg + 8000 mg/kg M SG 
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Photomicrographs of the kidney section of group B rats administered with N. laevis 400 mg/ kg + MSG 
8,000 mg/ kg showed evenly distributed glomeruli of normal size, density of up to 13 per HPF with normal 
mesangial cellularity and stroma, normal endothelial epithelium with renal architecture, open glomerular 
capillaries, presence of distal and proximal tubules(Mg. X400). 



Plate 8: Effect of methanol extract of N. laevis on the kidney of group B rats administered methanol leaf 
extract of N. laevis 400 mg/kg + 8,000 mg/kg M SG 

Photomicrographs of the kidney section of group C rats ad ministered with N. laevis 600 mg/ kg + MSG 
8,000 mg/ kg showed evenly distributed glomeruli of similar size, density of up to 9 per HPF, widening 
glomerular capillariesdueto contraction of glomerulus, no presence of inflammatory cel Is (Mg. X400). 



Plate 9: Effect of methanol extract of N. laevis on the kidney of group C rats administered leaf extract 
of N. laevis 600 mg/kg + 8,000 mg/kg M SG 
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Plate 11: Effect of methanol extract of N. laevis on the kidney of group E rats administered 200 mg/kg 
of leaf extract of N. laevis only 


Photomicrographs of the kidney section of group D or normal control rats administered with feed and 
water only showed normal kidney architecture, normal glomerular size of up to 17 per H PF with normal 
mesangial cellularity and stroma, presenceof distal and proximal tubules and normal sizenudei (Mg. X400). 


Photomicrographs of the kidney section of group E rats ad ministered with leaf extract of N. laevis 200 mg/ 
kg alone showed intact glomeruli with kidney architecture, presenceof distal and proximal tubules, normal 
sizenudei, and presenceof mild inflammatory cel Is (Mg. X400). 


Plate 10: Effect of methanol extract of N. laevis on the kidney of group D (normal control) rats 
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Photomi crographs of the ki d ney secti on of grou p E rats ad mi ni stered w i th 8,000 mg/ kg M SG al oneshowed 
widening of Bowman's space, contraction of distal and proximal tubules, and presence of mild inflammatory 
cel Is (Mg. X400). 



5. Discussion 

Serum hepatic marker enzymes (A ST, ALT and ALP) (Figures lto 3) wereevaluatedfor hepatotoxi city. The 
I iver i sthe most sensitiveorgan to pre-oxi dativedamage because it i s ri ch i n oxi di zabl e su bstances. The more 
se/eretheliverdamages,thehigherthereleaseoftheliver enzymes (El-Khayatetal., 2009). Howa/er, significant 
elevations in serum level of AST, ALT and ALP with toxic substances may reflect damage of liver cel I sand 
cellular degeneration or destruction in this organ and the increase in the ALP activities in plasma might be 
d ueto the i ncreased permeabi I ity of pi asma membraneor cel I u I ar necrosi s. W hen the I i ver cel I membrane i s 
damaged, varieties of enzymes normally located inthecytosol arereleased into the blood stream. A Iso, the 
elevation in ALP level in case of toxicity suggests an increase in lysosomal mobilization and cell necrosis 
(Kalendaretal., 2005). ALT isacytoplasmicenzymefound in a very high concentration in the liver (Arbonnier, 
2004) . A n i ncrease i n the seru m I evel of th i s sped f i c i nd i cates hepatocel I u I ar d amage. AlthoughASTisless 
specific than ALT as a marker of liver enzymes is an indicator of tissue damage and altered membrane 
permeability (Saptal et al., 2010), whileALP isa marker of obstructivejaundiceand intra- hepatic cholestasis 
(Davenetal., 2002). 

Vari ati on i n chol esterol I evel (Fi gu re 6) was i nsi gn if i cant w i thi n the grou ps, however, grou ps ad mi ni stered 
with M SG and extracts did not show significant (p >0.05) elevated cholesterol level, which indicated that 
thereisno possibleinterferencewithfat metabolism. Thecholesterol pool in the intestine comes from dietary 
cholesterol and the majority from biliary excretion. Approximately 50% of the intestinal cholesterol pool is 
absorbed by intesti ne via extrahepatic circulation, with theremainder excreted in faeces (Gri gore et al., 2007). 
The deviation from normal values of cholesterol, in the blood serum is considered as symptoms of liver 
diseases ( Singh et al., 1988). 

The measu rement of bl ood u rea i s presentl y the most w i dely used screeni ng test (creati ni ne) for thea/al uati on 
of kidney function. Renal disorder that lead to high blood urea levels indudechronic nephritis, polycystic 
kidney, tubular necrosisand obstruction uri nary tract (Reneeetal., 2001). Serum urea in this report (Figure 7) 
did not show significant (p >0.05) elevations in the groups administered with extract and MSG except in 
group C compared with control groups. Though the normal control group is not significantly (p >0.05) 
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different compared with MSG exposed group. Thisshowed that MSG-intoxicated ratshaveno indication of 
renal impairment or toxicity caused by MSG. However, someoftheactiveingredientsintheextract in group C 
may have contributed to the elevation which isan indication of toxic injury to the kidneys; hence induce renal 
fai lure(ljeh and Agbo, 2006). This result is in agreement with the findings of M ozeset al. (2004) which reported 
that MSG does not alter BUN level in MSG-exposed rats. Some pyrrolizidinealkaloidshavebeen reported to 
contribute to renal tubular epithelium and glomerulosderosis(Telcott, 2008). The blood serum samples of the 
rats treated with extract of 400 mg/ kg contained low significant urea nitrogen compared with urea nitrogen 
mean val ues of the normal control. 

MSG exposed or treated rats had no significant (p >0.05) difference when compared with the controls. 
A bsenceof significant differencein MSG-treated rats with normal control group showed that MSG is not toxic 
to the kidneys attheabovedose level for 14 days. Therefore, in the present study, serum creatininewas used to 
find out the effect of MSG on renal functional markers such as serum creatinine and serum urea nitrogen. A 
change in serum creatinine level is also an indicator of kidney function (Manal and Nawal, 2012). 

Serum samples of the an i mals exposed to extract and M SG contai ned total protei n whose mean val ues were 
not significantly (p >0.05) different compared with normal control groups. Protein may be damaged directly by 
sped fi c i nteracti on of oxi d ants or free rad i cal s w i th parti cu I arl y su scepti bl e ami no aci d s d u e to toxi ci ty or 
disease. This may lead to decrease in total protein (N arasimhanaidu and Ponnaian, 2006). The non significant 
(p >0.05) decrease inthegroup of rats exposed to MSG compared with normal control group isan indication 
thatMSG does not alter the synthesis of total protein. This finding is consistent with the reports on MSG non¬ 
toxicity in rats by M anal and N awal (2012). 

These results shows that albumin concentration (Fig 5) decreased significantly (p <0.05) in the serum of 
MSG-intoxicated rats compared to normal control group. Thisimplied that thesyntheticfuncti on of liverwas 
altered by MSG alone and group C and hence, decreased albumin level. AI bu min concentration increased in 
the serum of MSG and extracts co-ad ministered rats, except group C that recorded significant (p <0.05) dose- 
dependent decreasein albumin (Figure 5). Theobserved reduction in albumin indicated liver damage arising 
from the uptake of the chemical compound (Nagannaet al., 1989). This may bean indication of diminished 
synthetic function of theliver which may consequently lead to enhanced retention of fluid in thetissues spaces 
(Nagannaetal., 1989). Results of hi stopathology study on theliver of only MSG-exposed rats (Plate 6) showed 
changes in histological patterns when viewed under the microscope at X400 magnification. Toxicity was 
evident by disruption of hepaticcords, varying sizesof nuclei, loss of sinusoidal spaces, portal inflammation 
and dilated central vein. The findings suggests that sub-chronic exposure to group C of MSG (8,000 mg/ kg 
body weight) oral ly causes i n the hepatocytes architectureor micro-anatomy i nconsi stent with si mi lar reports 
written by Hellen et al. (2013) on M SG-induced toxicity in rats. Co-administration of methanol leaf extract of N. 
laevis helped to preserve the hepatocyte integrity as observed with lessdisruptions of liver micro-anatomy and 
i nfl ammatory cel Is. The non-dosedependent amerl i orati ng effect may be attri buted to anti oxi dant properties of 
the methanol leaf extract of the N. laevis, which protectstheliverfromoxidativestress. 

Similar resultswerealso observed with M SG (8,000 mg/ kg body weight) exposed rats. Thelossor normal 
kidney architecture; varied nuclei sizes, varied glomerular openingwithdistal and proximal tubular contractions 
and presenceof inflammatory cel Is. The methanol extract dosed groups showed normal renal micro-anatomy. 
Thi s was as a resu It of amel i orati ng effect of the I eaf extract of the N. I a©/is, which may be attri buted to its renal 
protectiveeffect.Thelittleeffects of the extract groupaloneon liver and kidney architectures with small amount 
of i nflammatory cells in glomeruli, suggests M SG-toxicity dose-dependent effects of theextract. 

6. Conclusion 

The resu Its from the animal studies confirmed toxicity on M SG-exposed rats, whilethe co-ad ministration of 
methanol extract of N. laevis indicate its ameliorating efficacy on M SG-induced toxi cities in rats via anti¬ 
oxidation mechanisms. Thisfinding suggest thatN. laevis extracts possess medicinal properties that may be 
effective i n management of M SG toxicity. 
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